Objective: To determine the functional utility for general mobility of peripheral prism glasses, a novel visual field expansion device for hemianopia, in a large-scale, community-based, multicenter study with long-term follow-up.
H
OMONYMOUS VISUAL FIELD defects (HVFDs) have a prevalence of 0.8% in the general population older than 49 years. 1 They are caused by lesions in the postchiasmal visual pathways, primarily due to strokes and, to a lesser extent, trauma and tumors. 2 Patients with HVFDs have difficulty detecting obstacles on the side of the loss, resulting in impaired mobility. The main vision-based rehabilitation strategies include provision of optical aids (eg, prismatic corrections to expand or relocate the visual field) 3 ; visual search training to improve the efficiency of visual exploration on the side of the loss [4] [5] [6] [7] ; and visual restoration training to recover lost visual function. 8 Herein we report, to our knowledge, the first multicenter evaluation of a novel prismatic device to expand visual fields for patients with HVFDs.
The introduction of press-on Fresnel prisms in the 1970s provided a temporary and inexpensive method of applying prismatic corrections for patients with HVFDs. [9] [10] [11] [12] Low-to moderate-powered prism segments (12-20 prism diopters [⌬] ) were fitted mainly as binocular or monocular sector corrections (covering only part of the lens), providing field relocation or expansion of less than 10°. 10, [13] [14] [15] [16] [17] [18] [19] [20] [21] Neither method provides visual field expansion effective in all positions of gaze. 22 Binocular sector prisms do not provide field expansion, and they only relocate (shift) images to a functional part of the field when the gaze is directed into the prism. Monocular sector prisms can provide visual field expansion, but only when the gaze is directed into the prism, and the central diplopia accompanying the field expansion may be disorienting to the patient. 3, 23 In 2000, Peli 22 described a novel prismatic device to expand the visual fields of patients with HVFDs. High-power press-on prism segments (40⌬) are placed across the whole width of the spectacle lens above and below the pupil area on the side of the field loss (Figure 1) . Visual field expansion of about 20°, which is effective at all lateral positions of gaze, is provided via peripheral diplopia (Figure 2) . Patients are taught to view through the central, prism-free area of the spectacle lens (never looking into the prisms), so that central diplopia does not occur. A case-series report by Peli 22 and a recent laboratory-based clinical evalua-tion 24 suggest that many patients find the peripheral prism glasses helpful for obstacle avoidance when walking. However, these studies were limited by small sample sizes, and the prisms were fitted by Peli and coworkers. 22, 24 The purpose of this study was to conduct a multicenter evaluation of the peripheral prism glasses with longterm follow-up to determine patient acceptance and functional utility of the glasses for general mobility (walking) when fitted by community-based vision rehabilitation practitioners. Furthermore, to aid future development of a simple-fitting protocol, the minimum interprism separation that could be tolerated when walking was determined. We used procedures and measures that could be implemented within the normal schedule of a vision rehabilitation clinic and that reflected those typical in clinical practice, thus opening up the study and the novel peripheral prism technique to a wide group of practitioners.
METHODS
The Schepens Eye Research Institute acted as the coordinating and data management center for the study. The tenets of the Declaration of Helsinki were followed, and the study was approved by the internal review board of the institute. Data were collected from April 30, 2004 , to December 31, 2005.
PRACTITIONERS
Fifteen community-based vision rehabilitation practitioners at 18 clinics across the United States recruited and screened patients, fitted prisms, and performed follow-up evaluations. Most of the practitioners were recruited by means of an announcement about the study at the American Academy of Optometry 2003 Annual Meeting.
PARTICIPANTS
Participants with complete homonymous hemianopia, as determined by a recent (within the previous 3 months) visual field plot, and corrected monocular visual acuity of at least 20/50 in each eye were recruited. Only patients with no physical or cognitive impairments, balance problems, or other deficits that could impair their ability to walk or use the peripheral prism glasses were included. Based on the findings of case histories and medical records, patients with visual neglect, diagnosed dementia, or a history of seizures in the past 6 months were excluded. Visual field mapping extended to at least 50°from fixation in all directions and was performed using Goldmann perimetry (V-4-e target; HaagStreit, Koeniz, Switzerland), Humphrey Field Analyzer 120-point full-field screening test (Carl Zeiss Meditec, Dublin, California), or similar tests, depending on the equipment available at each clinic. Before screening data were collected, the nature of the study was explained and informed consent was obtained from all participants. To ensure that study inclusion criteria were uniformly applied (in particular, that all participants met the criteria for complete homonymous hemianopia), screening data and visual field plots were sent to the study coordinator (A.R.B.), who determined eligibility.
PROCEDURES
Study procedures aimed to ensure that all participants were treated equally, regardless of the clinic they attended. Detailed written protocols and data sheets were provided to each practitioner by the study coordinator. After each assessment, data sheets were sent to the study coordinator for immediate review. This day-to-day monitoring ensured protocol adherence and speedy remediation of protocol deviations. Figure 3 summarizes the study visit schedule.
Prism Fitting
The complete study protocol for prism fitting and training is available on the data sharing page of the Vision Rehabilitation Laboratory Web site (http://www.eri.harvard.edu/faculty/peli /index.html). Fitting procedures were modified from the method proposed by Peli. 22 In brief, upper and lower 40⌬ press-on Fresnel prism segments (3M Press-On Optics; 3M Health Care, St Paul, Minnesota) were fitted to 1 lens of participants' spectacles. The prisms are intended as a mobility aid; therefore, they were fitted to single-vision distance, bifocal, or progressive addition lenses. If the participant did not have suitable spectacles, they were provided with study glasses at no cost. The prisms were fitted on the side of the field loss (eg, left eye for left hemianopia) with the base in the direction of the field loss (base-out prismatic effect), so that objects from the nonseeing side were imaged (and hence detected) on the functional side of the retina. The upper prism was fitted first (week 0) and worn at home for 2 weeks before the lower prism was fitted (week 2), providing a graduated introduction to the use of the prisms. If the prism segments were fitted to bifocal or progressive addition lenses, a small semicircular aperture was cut from the bottom part of the lower segment to provide sufficient area for short-duration reading through the near-vision correction ( Figure 1) .
The prism-fitting procedure was designed to determine the minimum amount of interprism separation that could be tolerated. Toleration was defined as comfortable single central vision with no change in head posture between walking without and with the prisms. The starting point for fitting the upper prism was to place the lower edge of the segment 6 mm above the pupil center. The participant then walked around the clinic with the prism at this height. Toleration of the position was determined by observations of head posture before and after fitting (eg, elevation of head posture with the prism indicated that it was set too low), and by asking the patient whether he Figure 2 ). For bifocal users, a small aperture was cut from the lower segment to enable short-duration reading. Owing to the angle from which the photograph was obtained, the top of the lower prism segment appears closer to the pupil center than the 6 mm below at which it was fitted.
or she noticed central diplopia or noticed the prism interfering with central vision. The prism position was adjusted in a staircase fashion using 2-mm followed by 1-mm steps to determine the lowest tolerated position (closest to the pupil center). The prism was moved down toward the pupil center until it was below the lowest tolerated position, such that either it interfered with central vision or head posture was elevated. It was then moved back up to find the lowest position at which it first did not interfere with central vision or alter head posture. A similar procedure was followed for fitting the lower prism, starting with the upper edge of the segment 6 mm below the pupil center and adjusting to determine the highest tolerated position (closest to pupil center).
Participants were taught to view through the central prismfree area of the spectacle lens at all times and to turn the head and eyes to fixate objects of interest that were initially detected from the prism image in peripheral vision. A simple reachand-touch training exercise was used to familiarize participants with the relationship between the apparent and real positions of objects detected from the prism image; this exercise was also encouraged for home training. Participants were given verbal and written instructions about how to use the prism glasses and were encouraged to wear them as much as possible each day. They were advised not to use the peripheral prism glasses for driving or prolonged reading; if necessary, a separate pair of reading glasses was provided at no cost.
Review of Prism-Fitting Positions
The fitting positions of the upper and lower prisms were reviewed at the start of the week 2 and week 6 visits (Figure 3 ), respectively. If necessary, the position was adjusted and another 2 weeks of prism wear was provided before progressing to the next part of the study.
Follow-up
After both prism segments had been worn for 4 weeks, an inoffice follow-up interview was conducted (week 6). A clinical decision was made concerning whether to continue prism wear. The criteria to continue wear were (1) the prisms were helpful for mobility (eg, helpful for obstacle avoidance when walking outdoors); (2) the patient wanted to continue wear; and (3) the practitioner deemed that it was clinically appropriate. Participants' experiences of wearing the prisms were evaluated through a series of questions, including 5-point ratings of prism helpfulness for detecting obstacles on the "blind" side in time to avoid them when walking; 5-point ratings of vision comfort when wearing the prisms (because the prisms might, for example, cause visual discomfort due to overhead glare, or due to central diplopia if not used correctly); and open-ended questions about mobility situations where the prisms were very helpful and about any difficulties encountered. at Harvard University, on May 12, 2008 www.archophthalmol.com Downloaded from At least 6 months after the week 6 visit, a long-term telephone interview was conducted with all participants for whom the clinical decision was to continue wear. For participants who were still wearing prisms, the interview included all of the questions asked at the short-term follow-up, supplemented by an additional question asking whether they would be willing to pay $600 for permanent prism glasses. For participants who had discontinued wearing the prisms, only questions to ascertain the reasons for discontinuing were asked. Participants who continued to wear press-on prisms at the week 6 interview and press-on or permanent prisms (as described in the "Permanent Prism Glasses" subsection of the "Methods" section) at the long-term interview were allowed to keep them at no cost.
OUTCOME MEASURES
The primary outcome measures were clinical success, defined as a clinical decision to continue wear, and ratings of prism helpfulness for obstacle avoidance at the short-and long-term interviews.
PERMANENT PRISM GLASSES
While the study was in progress, Chadwick Optical, Inc, developed a rigid form of the Fresnel prism segment that could be embedded into a plastic spectacle lens. This provided a permanent peripheral prism spectacle correction (Figure 4) as an alternative to the temporary press-on prisms, which might have important advantages for long-term wear (better durability, better optical quality, and no need for replacement every 3 months). For these reasons, when the permanent prisms were first available in April 2005, 15 of the 18 study participants who were wearing temporary press-on prisms at that time, and who had worn them for at least 2 months after the week 6 visit, were provided (at no cost) with permanent 40⌬ peripheral prism glasses. We were interested in long-term use of the prism glasses; therefore, our selection was biased toward patients whom practitioners deemed most likely to continue long-term wear. Because there were insufficient funds to provide permanent prisms to all participants, those who completed 2 months of wear after April 2005 (7 participants) were not fitted with the permanent form of the prisms. Permanent prism glasses were provided about 5 to 6 months after the week 6 visit and about 5 to 6 months before the long-term interview. The prisms were fitted at the same interprism separation as the press-on prisms and provided a similar visual field expansion effect.
STATISTICAL ANALYSIS
For statistical analyses, participants were grouped according to final status, consisting of discontinued prism wear at or before week 6, discontinued prism wear after week 6, and continued long-term prism wear. Differences in fitting positions, wearing times, and prism ratings among participants grouped by final status were evaluated at week 6. For participants who discontinued prism wear before week 6, data included in these analyses were from the last visit before week 6. Because several clinics fitted only a small number of patients, the following 2-way grouping of clinics was used ( Table 1) : group A (each practitioner fitted Ն8 participants) and group B (each practitioner fitted Յ5 participants). None of the continuous variables conformed to a normal distribution; therefore, nonparametric statistics were used for all between-group comparisons. PϽ.05 was taken to indicate statistical significance.
RESULTS
Sixty potential participants were screened. Fifty met the study criteria and were enrolled; 7 withdrew before the upper prism fitting and 43 were fitted with prisms ( Figure 3 ). Reasons for early withdrawal included concerns about falling (1 participant), fitting with prisms outside of the study (1), and unknown reasons (5). Prisms were fitted to single-vision distance lenses (24 participants [56%]) or bifocal lenses (18 [42%] ). Only 1 participant (2%) had prisms fitted to progressive addition lenses.
For 32 of the 43 participants fitted with prisms (74%), the clinical decision at the week 6 visit was to continue wearing the prisms, and 20 (47%) were still wearing them 12 months later at the long-term interview (Figure 3 and Figure 5 ). Of the 15 participants who were fitted with permanent prism glasses, 11 (73%) were still wearing them at the long-term interview, 2 (13%) had reverted to press-on prisms (owing to a problem with an early prototype of the bifocal permanent prism glasses), and 2 (13%) had discontinued wear. By comparison, 7 of the 10 participants who were not fitted with permanent prisms (70%) were still wearing press-on prisms at the longterm interview (Figure 3) . The main reasons for discontinuing prism wear were difficulties in adapting to the prism images, including confusion of images or sudden appearance of images causing anxiety (7 of the 22 participants who discontinued [32%]), no perceived benefit (3 participants [14%]), and deteriorating general health (3 participants [14%]).
Long-term success rates were significantly higher at clinics where 8 or more patients were fitted than at clinics where 5 or fewer patients were fitted (81% vs 27%; 2 1 = 12; P = .001; Table 1 ). Evaluating clinical variables (summarized in Table 2 ) that might affect long-term success rates was not an aim of this study; a much larger sample would have been needed. Spontaneous improvement in hemianopia, most likely to occur within the first 3 months after the onset of hemianopia, 25 could affect success rates, because patients who recover lost visual field might discontinue wearing prism glasses. In our sample, Figure 4 . Spectacles with permanent 40-prism diopter Fresnel prism segments developed by Chadwick Optical, Inc (White River Junction, Vermont) for a patient with right hemianopia. A small bifocal segment (outlined for the purposes of illustration) was placed below the lower prism segment for patients who needed a reading correction; the bifocal segment for the fellow eye was set at the same height.
5 participants had hemianopia for less than 6 months, but only 1 discontinued wear. Therefore, it is unlikely that spontaneous improvement affected success rates in this study.
There were no differences in final upper or lower prismfitting positions between long-term wearers and participants who discontinued prism wear (Kruskal-Wallis test, fitted (median, 2 mm away from the pupil center), whereas only 4 participants had the upper prism position changed (median, 1.25 mm away from the pupil center). At the week 6 follow-up, participants who continued long-term prism wear reported longer daily wearing times (Mann-Whitney test, z=−1.6; P=.1; Figure 7A ), higher vision comfort ratings (Mann-Whitney test, z = −3.0; P=.003; Figure 7B ), and higher obstacle avoidance ratings (Mann-Whitney test, z = −4.3; PϽ .001; Figure 7C ) than did participants who discontinued prism wear at week 6. Minor differences were also apparent between long-term wearers and participants who discontinued wear after week 6; that is, daily wearing times were shorter and obstacle avoidance ratings were lower in the latter group, suggesting that these participants already (at week 6) found the prisms less useful than the long-term wearers did (Mann-Whitney test, z=−1.8; P =.07; Figure 7A and C). Participants who discontinued wear at week 6 gave significantly lower obstacle avoidance ratings than did participants who discontinued wear after week 6 (MannWhitney test, z=−3.5; PϽ.001; Figure 7C ), but daily wearing times were similar (Mann-Whitney test, z=−0.6; P=.6; Figure 7A ).
At the long-term interview, the 20 participants who continued prism wear reported median daily wearing times of 8 hours (IQR, 4-13 hours) and rated the prism glasses as very helpful for obstacle avoidance (median rating, 5; IQR, 4-5), with high levels of vision comfort (median rating, 4; IQR, [3] [4] [5] . The ratings were not significantly different from those at week 6 (Wilcoxon signed rank test, zϽ−0.6; PϾ.6), and there were no differences in ratings between those participants wearing press-on and permanent prisms (MannWhitney test, z Ͻ −0.5; P Ͼ .6). Long-term wearers reported that the prisms were particularly helpful when shopping in malls and stores and moving in crowded and unfamiliar areas (17 participants [85%]). As expected, the main situation in which the glasses were not worn was during performance of near-vision tasks, including reading and using the computer (9 participants [45%]). A minority of long-term wearers reported difficulties when using the prism glasses (8 participants [40%]), most commonly problems with steps or curbs (2 participants [10%]) and reading (3 participants [15%]). Of the 19 long-term wearers who answered the question about whether they would be willing to pay $600 for permanent prism glasses, a significantly higher proportion of permanent prism wearers than press-on wearers responded in the affirmative (11 participants [100%] vs 5 participants [63%]; 2 1 =4.9; P=.03).
COMMENT
The results of this multicenter evaluation demonstrate the utility of the peripheral prism glasses as a mobility aid for patients with HVFDs (specifically complete hemianopia). Almost half of all participants were still wearing the prism glasses after 12 months, typically for 8 hours per day, reporting significant benefits for obstacle avoidance in a variety of mobility situations. The minimum interprism separation that could be tolerated when walking was determined for each participant, a timeconsuming process that would not be practical in a busy clinic. Currently, we are evaluating a simplified fitting protocol using a standard interprism separation of 12 mm (the 90th percentile of the data from participants who continued wear at week 6).
The overall 6-week and 12-month success rates in this study (74% and 47%, respectively) were similar to those reported in early, single-center evaluations of the peripheral prism glasses (when prisms were fitted by Peli and coworkers). 22, 24 However, long-term success rates varied widely between clinics (27%-81%), with higher rates at clinics where more participants were fitted. All participants were treated equally irrespective of which clinic they attended, and final prism-fitting positions did not differ between clinics, indicating that practitioners adhered to the standardized fitting protocols of the study. Nevertheless, the results suggest that confidence in fitting and training patients to use the prisms may be an important factor in determining success. The early withdrawal rates (before the prisms were fitted) were lower in clinics with higher success rates ( Table 1) . A limitation of the study was the large number of clinics (n=9) that fitted only 1 or 2 patients compared with only 2 clinics that fitted 8 or more patients. Although this was a lessthan-ideal situation for a multicenter study, our aim was to introduce the concept of fitting the prisms to as many practitioners as possible.
The potential advantages of the permanent prisms and the feel-good factor of being one of the first people to evaluate the new permanent prisms could have contributed to higher success rates among participants fitted with permanent prisms than among those not fitted with permanent prisms. However, there was little evidence in the study results of higher success rates in the former group, and comparisons were limited by small sample sizes. Although 40⌬ press-on and permanent prisms provide similar visual field expansion effects, permanent prisms have several advantages compared with press-on prisms for long-term wear. The initial optical quality is better and does not deteriorate with time, the durability is far superior, and the prisms do not have to be replaced every 3 months. It is encouraging that most of the long-term wearers (both those fitted and those not fitted with permanent prisms) indicated that they would be willing to pay $600 for permanent prism glasses; this provides an indication of the perceived importance of the benefits of the glasses in their everyday lives. Of the 12 patients described in the early series by Peli, 22 4 purchased the permanent prism glasses when they became available and 1 ordered a replacement pair when his prescription changed after cataract surgery. The Massachusetts Medicaid program has subsequently preapproved payment for the permanent prism glasses for 2 patients.
The success rates for the peripheral prism glasses were similar to or better than those reported for alternative monocular sector prism designs (eg, 20%-60%). 17, 18, 20, 21 However, evaluations of these alternative prism designs were limited by small samples (Յ10 patients), 18, 21 or by the lack of clarity and consistency in reporting methods and results. 20 Furthermore, success rates in these studies might have been overestimated because monocular sector prism glasses could have been worn without experiencing central diplopia. 17, 18, 20, 21 Because a monocular sector prism covers less than half of the spectacle lens on the side of the visual field loss, it would have been possible for patients to wear the glasses yet avoid central diplopia by never looking through the prism (and never experiencing the intended field relocation effect). By comparison, the peripheral prism design offers the advantage of visual field expansion that is present all of the time and in all lateral positions of gaze. However, if the peripheral diplopia is bothersome for the patient, the only relief is to remove the glasses. The typical field expansion (20°) with the 40⌬ peripheral prisms is about double that reported for monocular sector designs 20 and is 4 times greater than the average 5°field recovery reported for vision restoration therapy, 8, 26 a much more timeintensive, expensive, and controversial rehabilitation method with doubtful efficacy. [27] [28] [29] [30] [31] Furthermore, the peripheral prism glasses could be used to provide additional visual field expansion to supplement visual restoration or visual search training.
The main factor leading to discontinuation of prism wear was confusion of images or anxiety due to the sudden appearance of images, suggesting that these participants did not fully comprehend how to use the prisms. Such patients may have benefited from further training. Other minor reported difficulties included difficulties with reading (the inconvenience for bifocal users of having only a small aperture in the lower prism segment that could only be used for short-duration reading; other glasses had to be used for prolonged reading) and problems with steps or curbs. The latter difficulty results from the lower prism segment extending across the entire inferior region of the spectacle lens. If the wearer looks down to negotiate descending steps and happens to glance through the lower prism, central diplopia will result. To alleviate this, press-on prisms could be cut to provide a prism-free area below the lower segment (as is the case with the permanent prism glasses; Figure 4 ).
Peripheral prism glasses provide a promising and relatively inexpensive treatment for HVFDs that can be successfully fitted by community-based practitioners. Based on the participants' reports and acceptance of the device, this study provides evidence of the functional utility of the peripheral prism glasses to aid patients with hemianopia with their general mobility. However, objective measures of functional performance with and without prisms and a control or comparison treatment were not included. To provide a more rigorous evaluation of the efficacy of the peripheral prism glasses, 31 we are now conducting a randomized, controlled, multicenter crossover trial using real and sham prisms. 
